ABSTRACT
INTRODUCTION
The superiority of aromatase inhibitors (AIs) in disease-free survival compared with tamoxifen (TMX) [1] [2] [3] has made them the standard first-line adjuvant therapy among patients with receptorpositive breast cancer. Nevertheless, the routine use of AIs has raised concerns about their adverse effects, threatening treatment adherence [4] [5] [6] . A profound suppression of estrogen levels is derived from the potent inhibition of the aromatase enzyme caused by these drugs 7, 8 . AItreated women often develop osteoporosis, showing an average bone loss rate twice that of the natural reduction during menopause 9 . These differences can result in a 47% increased fracture risk with AI use, compared with TMX 10 .
At present, bone mineral density (BMD) measured by dual X-ray absorptiometry (DXA) is the gold standard surrogate for the diagnosis of osteoporosis based on the WHO criteria 11 .
However, it is now recognized that the increased risk of non-traumatic fractures associated with osteoporosis is determined not only by the mineral content but also by bone quality and material properties, such as trabecular microarchitecture, the accumulation of microfractures, a disordered bone remodeling, or the influence of extra-skeletal risk factors [12] [13] [14] . Hence, the BMD measurement does not provide information on bone quality, which has been estimated to explain 70-75% of the variance in bone strength 15 .
The Trabecular Bone Score (TBS) is a new additional texture parameter derived from lumbar spine (LS) DXA that is postulated to reflect bone microarchitecture. [16] [17] [18] TBS measures the rate of local variation in gray levels and is related to the structural condition of bone microarchitecture [16] [17] [18] independently of spine and hip BMD 18 . Overall, in combination with BMD TBS is thought to increase the number of patients with a well-identified fracture risk [18] [19] [20] [21] . A high TBS value means that the bone microarchitecture is dense, well-connected, and fractureresistant.
Until now, the limited number of studies of AI impact on bone microarchitecture has described a larger decrease in BMD compared with TBS [22] [23] [24] .
Oral bisphosphonates (BP) have been approved as an effective antiresorptive therapy for the prevention and treatment not only of osteoporosis in normal postmenopausal women but also in the management of AI-related bone loss (AIBL) [25] [26] [27] [28] . Nevertheless, the hypothesis that BPrelated BMD increases may reduce fracture risk remains controversial 29, 30 . Previous reports evaluating the skeletal preservation of BP in both healthy 31, 32 and AI-treated 24 postmenopausal women do not describe remarkable improvements but rather a "positive maintenance" of bone microarchitecture. However, many of them include a small sample of patients. Moreover, observations from randomized controlled trials (RCTs) may differ considerably from real-life clinical practice. Therefore, the current study was designed to assess prospective changes in TBS and BMD in postmenopausal women with breast cancer after completing AI treatment. : 5 years of AI starting within 6 weeks post-surgery or 1 month after the last cycle of chemotherapy (5y-AI group) or, alternatively, switching to an AI after taking tamoxifen for 2 to 3 years, to complete 5 years of hormonal therapy (pTMX-AI group).
METHODS

Participants
Patients were stratified by BMD at LS, femoral neck (FN), and total hip (TH) at the outset of the study, and assigned to the corresponding therapeutic regimen: 1) those with osteoporosis [T score < −2.5] or with a T score ≤ −2.0 at any site plus 1 major risk factor or prevalent fragility fractures were allocated to weekly oral risedronate or alendronate therapy (BP-treated patients)
and 2) no active antiresorptive therapy in all other patients (non-BP-treated patients). All patients had a BMD assessment every 12 months until the end of AI therapy. Those who developed osteoporosis during the treatment were immediately offered oral BP treatment and were censored from the study at that point.
AI and BP treatment adherence was assessed by a specific question by the physician at each follow-up visit. Patients with low adherence (defined as medication possession ratio < 80%)
were excluded from the study.
All participants were supplemented with calcium and 25(OH)vitD 3 tablets (1,000 mg and 800 IU daily, respectively), and those with baseline 25(OH)vitD deficiency (<30 ng/ml) received an additional dose of 16,000 IU of oral calcifediol (HIDROFEROL® FAES FARMA) every 2 weeks.
Variables and measurements
Bone mineral density
BMD was measured at the LS (L1-L4), FN, and TH using a DXA densitometer QDR 4500 SL® (Hologic, Waltham, MA, USA), in accordance with manufacturer recommendations. In our department, the in vivo coefficient of variation of this technique ranges from 1.0% at LS to 1.65% at FN.
Trabecular Bone Score
Spine TBS measurements were performed using the TBS software installed on our densitometer (TBS iNsight® v2.1, Med-Imaps, Pessac, France). The TBS is calculated on the basis of the raw data acquired in the DXA scan, evaluating the same regions of measurements as those used for the LS-BMD and without further administration of ionizing radiation to the patient.
Other assessments
Information on a large number of clinical variables was recorded at the time of enrollment, including age at recruitment, age at menarche and menopause, parity, lactation, previous chemotherapy and radiotherapy, adjuvant treatments, weight, height, and plasma levels of 25(OH)vitD.
Ethics approval
The study protocol was approved by the Parc de Salut Mar Ethics Committee and written informed consent was obtained from all participants after they had read the study information sheet and any questions had been answered.
Statistical analyses
The primary endpoint was within-subject percentage changes in LS-BMD and TBS by the end of AI therapy. Given the observational nature of our study, the results for BP-treated and non-BP-treated patients are presented separately.
TBS and LS-BMD changes from baseline were evaluated using Student t-test for paired samples (mean ± 95%CI). To account for potential differences between the pTMX-AI and 5y-AI groups, both BMD and TBS percent changes and absolute values were examined by independent samples t-test. All statistical tests defined P <0.05 as significant. These analyses were performed with R for Windows version 2.15.2 using the foreign, ggplot2, reshape, extrafont, scales, grid and boot packages and SPSS 12.0.
RESULTS
Participants
From a total of 735 recruited women in the B-ABLE cohort, 277 (37.7%) completed AI treatment and were eligible for the analyses. Of these, 70 (25.3%) were allocated to BP therapy (Fig. 1 ). Baseline patient characteristics are presented in Table 1 .
As expected, given the observational nature of our study, the groups differed at baseline: on average, the BP-treated patients had lower BMI, LS-BMD, and LS-TBS than those in the non-BP-treated group (p<0.001). Ten patients in the non-BP-treated group developed osteoporosis during the follow-up. These patients were immediately offered oral BP treatment and they were censored from the study at that point ( Fig. 1 ).
Bone assessment
Mean percentage changes in LS-BMD and TBS at the end of AI treatment are summarized in Absolute TBS and LS-BMD values at baseline and at the end of treatment are detailed in Table   2 . 
Measure Lenght of follow-up
Non-BP-treated patients BP-treated patients
TBS
Non-BP-treated patients
At the end of AI treatment, significant TBS decrease was observed in both groups: pTMX-AI, - (Fig. 2 ). An inter-group comparison did not reveal significant differences in TBS decreases between the pTMX-AI and 5y-AI groups.
Significant decreases in LS-BMD were also detected in both groups: pTMX-AI, -4.14% (-0 No significant difference was found in baseline TBS between the pTMX-AI and 5y-AI groups,
whereas TBS values at the end of treatment were lower in the 5y-AI group (P<0.05). There were no significant differences in LS-BMD between the two groups at baseline or at the end of treatment (Table 2) .
BP-treated patients
The TBS remained stable in both pTMX-AI and 5y-AI groups at the end of treatment (Fig.2) .
Compared to baseline, there was a significant increase in LS-BMD at the end of treatment in both groups, reaching +2.30% (0.016 g/cm 2 [95%CI: 0.001 to 0.031]; P<0.05) in the pTMX-AI group and +5.33% (0.038 g/cm 2 [95%CI: 0.017 to 0.059]; P<0.01) in the 5y-AI group. However, the difference between the groups in these LS-BMD gains was not significant.
Assessment of absolute measures revealed greater TBS values in the pTMX-AI group at
baseline and at the end of treatment, compared with the 5y-AI group (P<0.05). Although baseline LS-BMD values were higher in the pTMX-AI group (P<0.05), the values were similar in both groups at the end of treatment (Table 2) .
Changes in TBS categories
Analysis of TBS range revealed significant changes in the frequency distribution of non-BPtreated patients from baseline to the end of AI treatment (P<0.01) (Fig.3 ). The number of patients with degraded microarchitecture increased by 32.6% in the pTMX-AI group and by 20.5% in the 5y-AI group; in contrast, the number of patients falling within the normal range decreased by 55% and 62.5% at the end of treatment, respectively. On the other hand, no significant differences in frequency distribution throughout TBS categories in BPtreated patients were detected in either group (Fig.3) . Figure 4 shows results exclusively for patients who were recategorized from baseline to the end of treatment. 
DISCUSSION
To our knowledge this is the first longitudinal cohort study to assess changes in TBS at the end of AI-therapy in postmenopausal women with hormone receptor-positive breast cancer. Both TBS and LS-BMD decreased significantly in non-BP-treated women. BP-treated patients showed significant increases in BMD but not in TBS. TBS and BMD reductions were more pronounced in pTMX-AI group than those in 5y-AI group. In spite of this, absolute TBS values at AI-treatment completion were similar for both groups.
Although BMD is the reference standard for osteoporosis detection and follow-up, as well us for fracture prediction, it remains subject to a set of constraints. Unfortunately, BMD does not evaluate other factors influencing bone strength, such as microarchitectural deterioration, and disproportionately evaluates cortical bone (representing 80% of bone volume), which has a relatively slow rate of turnover 35 . These limitations can underestimate the sudden changes that might occur within the trabecular compartment. The majority of patients who sustain fragility fractures have a T-score > -2.5 36, 37 , there is thus an overlap between BMD values in patients with and without osteoporotic fractures 38, 39 . Therefore, the current definition of osteoporosis includes both a decrease in BMD and impaired bone microarchitecture resulting in increased bone fragility, defined as reduced connectivity of the trabecular bone structure and thinning and increased porosity of the cortical bone. . TBS is able to distinguish between DXA scans with similar bone density 18, 45 , capturing roughly one third of fractures misclassified using BMD alone 32 .
In the present study, significant TBS decreases were observed in non-BP-treated patients at the end of AI treatment, both in the pTMX-AI (-2.94%) and 5y-AI (-2.93%) groups. Assuming linearity, these reductions in TBS would correspond to mean annual rates of 1.2% (2-3 years of AI) and 0.6% (5 years of AI). The age-adjusted TBS curves reported in previous cross-sectional studies show much lower annual decline rates, even for the group of patients aged 65 years and older, in which the decrease accelerates to 0.5% per year (0.006) 46, 47 . In RCTs evaluating the effect of antiresorptive agents on TBS in postmenopausal women, annual reduction rates for the placebo groups were similar to our results 31, 32 . Regarding TBS pre-stablished categories 34 , a large number of non-BP-treated women (approximately 30%) decreased by one category.
Hence, the greatest number of patients belonged to the degraded microarchitecture category at the end of AI treatment.
All this suggests that AIs substantially affect bone microarchitecture. Consistent with this view, Overall, the average bone loss in our population was lower than previously reported.
Differences in some characteristics, such as initial BMD values, may contribute to this outcome.
In this sense, most of the trials mentioned report higher BMD values at baseline than those observed in our cohort, giving rise to the regression-to-the-mean bias. Moreover, the B-ABLE cohort is subject to strict monitoring not only of BMD but also of 25(OH)vitD and calcium levels.
Patients in our study receive higher 25(OH)vitD supplementation 52,53 than the Institute of Medicine recommendations
54
. Conversely, the unavailability of TBS values at the end of AI treatment in previous studies precludes a direct comparison with our data.
In the current analysis, women in the pTMX-AI group showed greater individual reductions in BMD at AI completion, compared to the 5y-AI group (-4.14% vs. -2.28%). These results are similar to those we previously described in an analysis of AI effects at 3 years of follow-up Patients with osteoporosis or with osteopenia at high risk of fracture at baseline were allocated to BP therapy in our study. Although LS-BMD increased in both groups (pTMX-AI, +2.30%; 5y-AI, 5.33%), the TBS remained stable from baseline to the end of AI treatment. The increases in BMD values for patients in the 5y-AI group is within the range of increases reported in large trials evaluating the effects of BP on AIBL 59, 60 . The lack of statistical significance in BMD variation between groups (+2.30% vs. +5.33%) may be due to the reduced sample size.
Overall, TBS behavior in our cohort was comparable to the results obtained in the longitudinal study of Krieg et al, evaluating the effects of antiresorptive agents in TBS of older women:
although TBS mimicked BMD decreases in individuals without BP treatment, it seemed to be far less responsive than BMD to osteoporosis therapy
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. This is also applicable in RCTs monitoring the effectiveness of BP treatment, which have detected greater increases in BMD than in TBS 24, 32, 48 . Moreover, the frequency of distribution throughout TBS categories for BP-treated patients was the same at baseline and at the end of AI treatment, with almost the same number of individuals increasing (10 patients, 14.2%) and decreasing (9 patients, 12.8%) in TBS category.
In summary, antiresorptive therapy is expected to provide global maintenance of bone microarchitecture rather than major improvement. Although BPs have improved several bone parameters in some studies, the greatest improvements have been detected in patients who did not receive an AI
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. The uncertainty about whether BP treatment prevents fractures in early breast cancer patients 62 may be evidence that use of an AI can induce changes in bone microarchitecture that are more difficult to counteract by antiosteoporotic doses of BPs. The weak correlation between the changes in TBS and BMD at 5-year follow-up supports the different bone properties measured by these two techniques.
The present study has some limitations due to the prospective nature of the analysis and the relatively small sample size. Moreover, this is not a randomized controlled study, but a prospective cohort based on real-life clinical practice. Thus, in order to firmly conclude that BP therapy was the cause of the observed BMD and TBS behavior in BP-treated patients, a control group of women with low baseline BMD and without BP treatment would be required. Obviously, this is not feasible for ethical reasons. Another limitation is that the evaluation of AI and BP treatment adherence was only assessed by physician questionnaire. A strength of our study is that it was performed when AI treatment was completed and provides insights about the bone status of women with breast cancer at the end of their adjuvant therapy in real-life clinical practice.
CONCLUSIONS
In this prospective cohort study, AI treatment decreased TBS and LS-BMD to a similar extent.
On the other hand, maintenance of TBS, rather than major improvement, was observed in BPtreated patients. AI treatment leads to bone microarchitecture deterioration, which seems to be partially attenuated by BPs. Larger studies are needed to determine whether the observed TBS changes are correlated with changes in fracture risk.
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